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0 A Stable 1 ,2-dioxetane of the formula: 
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R R and R, are passive organic groups that allow the dioxetane to decompose and produce light 
!;^pn z^d Y aS r^m^ed ^rtheTovii that R, and Ra may be joined to fom, a cyclic mo.ety. Z is a 
prot" ng glp'hi can ^e removed by a first deprotecting process. Y is a second ^^-^^^^^^ 
'rbe rem'oveS by a second deprotec^ng process, and X is - ^^^^^^^^^^^^^ I 
7 ahrf Y lenders the dioxetane susceptible to said decomposition, with me proviso that x may oe jomeu u 
fol^ a c^cL S These^-.^^^^^^ are useful for generating chemiluminescent output .n 
immunoassays and nucleic acid hyixidizalion assays. 
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CHEMILUMINESCENT DOUBLE-TRIGGERED 1^-DIOXETANES 

Technical Field 



The present invention relates to 1 ,2-dioxetanes that can be triggered by sequential treatment with two 
different activating agents to generate light and the use of such dioxetanes in biochemical assays. 

5 

Bacicground 

The involvement of dioxetane intermediates in chemiluminescent reactions v/as first postulated in 
70 connection with the firefly system. F. McCapra Chem Commun (1968) 155. It was suggested that luciferin 
under the action of luciferase formed an unstable dioxetane intermediate which decomposed to produce 
light. 

Kopecky and Mumford, Can J Chem (1969) 47:709 produced 3.3.4-trimethyl dioxetane which was 
shown to thermally decompose to acetone and aldehyde with the generation of light. Such alkyi dioxetanes 
75 are. however, too unstable at room temperature to render them useful generators of light in chemical 
assays. 

More stable 1 ,2-dioxetanes were produced by replacing the alkyI groups with polycyclic hydrocarbon 
groups. Weiringa et at synthesized adamantlyidene-adamantane 1 ,2-dioxetane via photooxygenation of 
adamantylideneadamantane. Tetrahedron Lett (.1972) 169. This dioxetane proved to be extremely 

20 thermostable--in fact so stable that It would require detection temperatures in excess of ISO'C. Such 
elevated temperatures make the use of this dioxetane in assays of biological samples very difficult. 

EPA Publication No. 0 254 051 reports the first chemically triggered 1 ,2-dioxetanes. See also WO 
88/00695. These dioxetanes retain an adamantyl substituent on one carbon atom of the peroxide ring for 
stability and have an aroxy substituent protected with a group such as a phosphate, silyl. or acetyl group on 

25 the other carbon atom of the ring. These dioxetanes are sufficiently stable as long as the protecting group is 
present However, once the group is removed, such as by the action of aikafine phosphatase in the case of 
phosphate protection or fluoride ion in the case of silyl protection, the resulting oxide intermediate is 
unstable and rapidly decomposes to ketones with efficient light production. While several such triggerable 
dioxetanes have been reported, those that provide a dioxetane that is a substrate for alkaline phosphatase 

30 (AP) have proven to be most useful both in immunoassays and in nucleic acid hybridization assays. Even 
though use of these AP-triggered dioxetanes has provided more sensitive assays than other nonisotopic 
assay formats, they stiff suffer from two problems. One relates to non-specific binding. The limit of detection 
of these assays is mostly dictated by non-specific binding of assay components leading to AP bound to 
surfaces independent of the presence of target molecules (noise). AP is a particulariy problematic enzyme 

35 label with respect to non-specific binding. AP is ubiquitous, (ts use as a specific label can be complicated 
by reagent and sample contamination with low levels of AP from adventitious sources. The other problem 
relates to the time frame of light generation. Once triggered with AP a slow (15-120 min) rate acceleration is 
observed followed by a constant steady state turnover (1-6 hr. depending upon the target and thus the 
enzyme concentration). Accordingly, at low target concentration, accumulation with an integrating detector 

40 of the total light output can take many hours. Also, there is the constant reagent-associated background 
light emission during the entire steady state turnover that limits detection at low non-specific binding. The 
present invention addresses both of these problems. 



45 Disclosure of the Invention 

The invention resides in the development of novel stable 1,2-dioxetanes which include two protecting 
groups that are removed sequentially by different processes to produce an unstable oxide intermediate. The 
removal of the first protecting group is triggered by the label used in the assay. This removal does not. 
50 however, destabilize and activate the dioxetane. It merely deprotects the second protecting group. A trigger 
other than AP which is not ubiquitous and which exhibits low non-specific binding and higher turnover may 
be used to remove the first protecting group. Further the concentration of target molecule (label) is not 
involved in the removal of the second protecting group which triggers the dioxetane decomposition and light 
generation- The concentration of the second trigger or deprotecting agent (e.g.. AP) can be adjusted to 
optimize the time frame of signal generation. Also, reducing the time for the target dependent output to 
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^,«„n« that allow the dioxetane to decompose and produce light 
„here R, Ra. and R, are passive organ.c groups form a cyclic moiety. Z is a 

(a) providing a stable 1 ^-dioxetane of the formula. 
20 ,0-0 

1 1 
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that fliinw the dioxetane to decompose and produce light 
where R,. Ra. and R3 are P^^Z^^'^'^'^ZTxTaZZ^^ to ^rm a cyclic moiety. Z is a 

when Z and Y are removed, with the proviso that ^ ^f^^^^^ ' y is a second protecting group 
first protecting group that can ^^J^^'^fJ'^''^^'''^^^^^ organic group which upon removal of 
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R3 to form a cyclic moiety; 

(b) removing the first protecting group Z\ ana 
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.ere R. R. and R, .e Pass-rganic ^^^^^^^^^^ 

when Z and Y are removed, with the P~-^° *f S^proteSng proc ss. Y is a second protecting group 
first protecting group that can '^Vr^'otL^L oroceS^^^ en organic group which upon removal of 
that can be removed by a ^^^"'l J^^reT srSSmpo^^^^^ «ith The proviso that X may be jomed to 
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(0 contacting the partly deprotected dioxetane with an activating agent that removes Y to produce an 
unstable oxide intermediate which decomposes to form light; and 

Yef L^o*e?a%'ect oMhe invention is a chemi.uminescant signal generating reagent kit for use in 
aene^tlngfcheSLinescent signal in an assay for a component of a sample where.n the component .s 
SSd via S enzymatic label carried by a ligand that specifically complexes or binds to the component 
comprising in packaged combination: 

(a) a first container containing a dioxetane of the formula 

0-0 

I I 
- C - C - R3 

I I 

R„ X-Y-Z 



where Ri and R», and R3 are passive organic groups tiiat allow the dioxetane to decompose and produce 
Toht when Z and V are removed, with tine proviso that R, and may be joined to form a cyclic mo.eiy Z 
s a firsfprotecting group that can be removed by reaction with said enzymatic label. Y ,s a protechng 
group *at ^ be removed by reaction with a deprotecting agent other than ^'^^^f f '"^^^ 'J^';,^"^^^^^^^ 
Toraanic group which upon removal of Z and Y renders the dioxetane susceptible to decom^^^ 
!^th 2e proviso that X may be joined to R3 to form a cyclic moiety, whereby Z .s removed through reaction 

with the label on the complex: and 
^ (b) a second container containing said deprotecting agent. 

Brief Description of the Drawings 

Rgure 1 is a schematic depiction of the process by which the protecting groups are removed from 
the invention dioxetanes to produce an unstable 0x0 intermediate that decomposes and P^^uces I ght 
Figure 2 is a schematic flow diagram of a specific embodiment of the process shov^n in Figure 1. 
Fioure 3 is a schematic flow diagram of a variation of ttie process shown m Figure 1. 
Figure 4 depicts the chemical structures of examples of 1 ,2-dioxetanes of the invention. 
Figure 5 is a schematic flow diagram depicting ttie chemical synthesis used to make the 1.2- 

riinvetane startina material shown in Figure 2. . ^, _ ♦u^ h o 

dioxetane s^rn g^ a schematic flow diagram depicting the chemical synttiesis used to make the 1.2 

dioxetane of Example 2. 
^ Modes for carrying Out the Invention 

As used herein the term "stable" used to describe the 1 .2-dioxetanes of the J"»f"j^.*L^^ * 

molecule undergoes no significant decomposition at approximately 25 C in aqueous media that does not 
contain agents that remove ttie two protecting groups from ttie dioxetane. or 

^ R, and R^ in the above formula will normally represent hydrocarbyl groups which either separately or 
ioined together form a sterically bulky group that stabilizes ttie peroxide ring. Preferably ttiey are K^ined to 
fo^r^ a spTXsed carbocyolic group of 6 to 30 carbon atoms. Most preferably they are joined and 
epTesentTadamantane grouP Correspondingly. Ra represents a group that provides tiie dioxetane ^ 
water so ubSity and/or is a fluorescent group such as fluorescein or the like. Ro will J^^^J^ 

^ gSu^ raining 1 to 18 carbon atoms selected from alkyl. alkoxy. 

dimonocyclic arylamino. trialkyl silyloxy. trimonocyclic aryl silyloxy or will be ^ X *o 

substituted aryl radical, such as a naphtiiyl. fluorenyl. or xanthenyl group, of 6 to 30 ca^»»" f^'^- 
Se^rabl R3 Represents an alkoxy group of 1 to 8 carbon atoms with methoxy being particulariy preferred 
S^en X is not jLed to R3 « wHl normally represent an oxy-substitiited aryl group of 6 to 30 atoms and 
Z be monocU such as phenyl, or polycyclic such as naphthyl. Preferably X is a phenoxy group 
nntinnaliv substituted with Up to two CI or I groups. ^ « 

' ^e protecting groups Y and Z may be selected from labile groups that may be removed with a 
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™» h«o nr fluoride ion with the proviso that both are not removed by 
deprotectlng agent such as an «"fvme base, fluo^^^^^ .on ^ P ^ ^^^^^^^ ^ 

the same agent It is thus intended that tv^o 9^°"PJj;J' ^ ^,ide ring which initiates 

different agents and ^^^^^''^ ^^Z Ti^^ J^^^J^^u^ that may be remov d by an enzyme, 
decomposition of the dioxetane. Preferably Z s ^ P^°*f J'T^"^ ^J^^^^ through the action of a 
Most preferably the protecting groups are ««'ff^^^^Vediox^^e a substrate for 
different enzyme. In other words, the Presenceol ^ ^^^1^1^°^^^^^ course, Z must be bonded to 
the presence of Y makes the dioxetane a '^^^'^.^[^^^^^Z^^^^ phosphate cleavable by alkaline 
Y by a Cleavable linkage Examples ^^/^^^rfv ^^^^^^^^^ decarboxylases. beta-D- 

or acid phosphatases, alkyl esters cleavable ^l^''^''''^:^^^ ^ nucleotidase, galactosides cleavable 

xyloside Cleavable by beta-xylosidase. AMP analogs cleavable by mannosidases. 

by galactosidases. glucosides Cleavable by glucos-dases and m^^^^^^ ^ 

'in general, these dioxetanes are in Rgure 5 (adamantane 

manner. The hydroxyarylalkoxymethylene ^'^^"^^l!^^^^. ^^e X Y and Z functions (XYZ synthon). 
synthon; compound 8). A separate synmon - P-^^*^^-"*;:^ f,„,«on to be condensed with the 

Except for the nucleoph,le "O"' ^^^^^^^^ temporarily protected with appropriate 

hydroxyaryl of the adamantane all potential N-hydroxysuccinimydyl carboxyl. N.N- 

blocking groups. The nucleophile can be ^'^'^^f J^.^-^ the hydroiylaryl Jction of the adaman- 
c«isopropylaminophosphinyl). The ^I'^^'^Z lll^^^^^^ Tarbormide7or carboxyl or tetrazole for 
tane synthon usually in the presence of a '^^^ temporary protecting functions of the XYZ 

the phosphinyl as in preparation of compound | .n Rgc.e 5y The temp 'y^^^^^^J^ ^^^^^^^ ^..^^^ 

rr rpro:ir;t;rr-t.roxSrnr?;rj^ can be pun^d. usua.. by precipita«on 

''^Z^r^^^^.o.ess by Which the -"^^^^^ ^syrro 
and produce light. For convenience the triggers are '^^^"f^"™^!;,^^;^"^^^^ „,ustrated. the dioxetane 
represer,ts the basic dioxetane "^^^^^^^^^^"^^^^^^^^^ Sd nuclS'^id hybridization assays El 

is added to an aqueous medium <=°"*«'"'"9^^' ; antibody in immunoassays or a nucleic 
will be directly or indirecUy bound to a '^^^^^^^ being detected. Under 

acid probe in hybridization assays) that has spe<^mc affinity ^or «,e taj^su 9 

0 the action of E1 Z is cleaved from ttie dioxetane '^^^^ f '^°;XTe for E2 and Y is removed from the 
^etaril^Ig^J'^^^^^^ ---- ~ 

2 depicts a specific embodiment of the P-~ 
,5 is 4-t(3-hydroxyl-2-methylnaphmylene-1-phospho^^^^^^^ ,,3 

adamantane]. the first enzyme (E1) .s ^^'^11^^ is proportional to the target 
second enzyme (E2) is alkaline phosphatase. ^« ^TS^^ concentrion. In the absence of 

concentration whereas the ~"^f '^^^S^^^^^^^ "'^'^^ "^"^ 

HRP (target) no signal would be obtained. In the presence of P J phosphate group and 

^ the dioxetane. After the HRP reaction an excess of AP ,s ^^^^J^^^^,^^^^^^ ^ ^P the light output 

activates decomposition of the dioxetana ^!°f^^^^°J^^XtommA^^ rather than hours) than when a 
can be generated and recorded in a shorter t,me ^^^^J^^'^^^ pjo-^onal to the target concentration. It 
Single triggered dioxetane is used where «ie AP ^^^^^^ aP concentration. 

Should also be noted that the light output can be ^9"^^'^^^'"" that employs a combination of an 

.5 Rgure 3 Shows a variation of the process ^^^^^ J 1^ dioxetane is 4-[3-(4- 

50 increased stability after the first triggenng event). by two separate events are shown (R3 



below: 

55 
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As indicated above, these double triggered dioxetanes may be used in known immunoassay and 
nucleic acid hybridization assay formats. They are particularly useful Z 
.samDle at very low concentrations. For instance in enzyme immunoassays (ElAs) used to detect the 
oSence and^r qlwy of target antigen or antibody in a biological specimen, the label ««t enzyme m 
te^s of tTe invention process) is bound to an immune complex that includes the target^The immune 
cXl^ is fo med tSrou'gh antigen-antibody binding. The literature is replete with the Procedures u ed m 
to produce such complexes. Once the complex is fomied. the invention d.oxetane .s added to he 
aiilous ^S^^^^ Se complex, permitting the enzyme carried by the complex to cleave .he f rst 

p?otSg group from the dioxetane. Excess second enzyme is then added to the med.a resu Itmg .n the 
cleavage o1 the second protecting group from the dioxetane and activating the decomposition of the 
2xeSne and concomitant light production. The light produced is read with J^f ^I^^f '^ 

dev'S and recorded. The quantity of light produced may be correlated with the concemranon of target m 
me Smple through comparison with like measurements made on samples contaimng known amounts of 

"^^t nucleic acid hybridizations the target is single-stranded nucleic acid (either DNA or RNA) '| desir^ 
the taraet nucleic acid may be amplified before carrying out the hybridization assay us-ng a polymerase 
S^i^l^on pro«8S <PCR). Reagents and equipment for carrying out PGR are available commercially. A 
^u^eJS h^n^ization as^y fomiats are described in the literature. All of them involve hybnd.zmg 
mfta"" n^cL acid with a nucleic acid probe that is substantially '^'^^^^^^^^'^J^^J'^^Z^ J"/ 
probe I either labeled directly O-e.. the label is bound directly to the nucleic ^.d ^f^JJ^^^''^^^^ 
L label is bound to the probe through one or intermediate molecules, usually through intermediate nucleic 
add molecules. A prefe^ed nucleic acid hybridization fom,at is described in c<^™" V/^^'S-^lf^t 
PublicXn NO. 0317077. the disclosure of which is incorporated herein by reference. ^=V°""f» ^^P'^J^ 
a nSc acid multimer to amplify the amount of enzyme label that may be '^""^^^^ ^^^^^^^^^^^^ 
enzyme-bearing nucleic acid complex is formed, the invention dioxetane is ^^f^=^ *f ^^"fj"'^^^^^^^^ 
containing the complex permitting cleavage of the first protecting group from the d.oxe.ane. The second 
group is clea^d from the complex th«,ugh addition of a second enzyme and the resulting 

'""'relT-SioxSSefofS'invenU^^ may be packaged in combination with deprotecting agents as ^.s 
for use in 'standard immunoassays and hybridization assays that emptoy an enzyme f 
the dioxetane will be selected so that Z is a protecting group that is removed via the action of the l^eL The 
dep^S agent is one that removes the second protecting group. Y. In addition to the dioxetane and 
dep o^.^ alent. which will be contained in separate containers, the kit may also include instructions. 



Examples 



The following examples are intended to further illustrate the invention. These examples are not intended 

to limit the invention in any manner. hidpa = 

The abbreviations used in the examples are as follows: TBMS = t-^" y'*'"ethyls.te^^^^^ " 
diisopropylethylamine: LAH = lithium aluminum hydride: THF = tetrahydrofuran: DMAP - 4- 
* dimethylaminopyridine: DCC = dicyclohexylcarbodiimide: TEA = triethylamine. 

i_ Synthesis of 4-[3-hydroxyl-2-methvlnaphthylene-1 p h osphorvl)phenyl]-4.methoxyspiro [1 ■2-dioxetane-3.2'. 
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adamantane] 



The process for making this dioxetane is shown in Figure 5. 



70 



Preparation of methyl S-hydroxybenzoate (compound 2): 

the pPesence of a trace quantity of HCI. the NaHCOa. then saturated NaCI. The 

SlS^JctlS,™ /kouM 'ield a 50-70% ,i,l<l C m*,l W,d™xybenzo»«. 



o, *»P™P»'*f S -^ldtl5S?=h,o,id, rrBMS-ai ,s added s«wl,. 
The solution is stirred while a 10-2a/o excess uf i uuiy ' o.mftthvl-1 4<lihvdroxynapthylene to two 

25 thylene. Anticipated yield. 15-35%. 

...M K..Hr,....nov.an.ino.2.cvano e^H„,nHo.nhinv.toxv-4.t-buty.^^^^^^^^ 
thylene (compound 6): 

" -.0.20 .moles of 4-t-buty.dimethy.si.y.oxy-2-methy.-1-hyc^^^^^ ^^-^-J '^^^^J t 

CHaCI. containing a 10% excess of DIPEA. The f "^y^^" i",^^^^^ Xl dropwise over 
neet solution of N.N<lHsopropy.amino-2-cyanoe«.y,chloro^^ ^ ^^^^ 

several minutes and the reaction -s rnonrtored by ^^.^^^"^^l'";;^,,,,, ,ith brine and drying over 
35 is brought up to about 200 ml w.th CV'^^n,^^^^. Scuo A silica column purification step could be 
NaaSO*. the solution is concentrated to ''^f^^J,^^, i^-^4yloxy-2-tnethyl-l-hydroxyl-napthylene has 
reauired if less than 95% conversion from A-t-butyldimethylsiiyioxy ^ m y 
Sen place. The dried powder or foam would be stored under argon at -20 C. 



40 



45 
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Preparation or o-ny proxy ici ly « ■ » j » — 

^ H h„«om fia<:k is fit wIth 3 reflux condenser. 125 ml addition funnel, and a 

A 500 ml three-neck, round bottom flask is ''^ J'';" y^'" . gOO ml of dry THF. the solution is 
nitrogen inlet line with a two-way valve followed by lithium 

stirred and cooled under nitrogen on an^ r^mov^and the solution is pemiitted to warn, to 

aluminum hydride (75 mmol) in portions. The .oe bath is J^'^^^.f "^J .^'J^ ,efLed for 1 h. At this 
ambient temperature. Upon the addition o V'-'^J^^ <f .^^^^ a^prSmat^li a 10-20% excess of 2- 
time. a solution of 15-20 -o. of methy ^^^^^7^^-^^^^^^^^^^^ hours by means of the 

adamantanone adamantane m about 50 ml of THF completion, the cooled solution is 

addition funnel. Refluxing is continued for another ^^^^^^f ..at^r. The black mbcture is 

quenched by the slow addition of about 50 ml of -methanol ti^en ^0^^°° "J-^ °J ^ , jhe 
diluted in ether and repeatedly extracted -«\vvater "n^' ^'JZ^Z c«graphy is used to purify 
solution is dried ov r Na^SO* and concentrated jn vacuo, f '^^J ."f acetate/hexane or 

he desired product. 3-hydroxylphenylmethoxymethW^^^^^^ ^ 
methanoUCHz Ch solvent systems could be employed. The product (anticipaiea 
oil) is characterized by NMR. 



EP 0 401 001 A2 



70 



15 



20 



25 



Preparation of [(3-(4-hydfoxyt-2-fnethylnapthylene-l-phosphoryl)phenyl) methoxymethylenel adamantane - 
(compound 9): 

About 10 mmol of Compound 8 (3-hydroxylphenylmethoxymethyleneadamantene, is dissolved and 
stirredTn 10-50 ml of 0.3 M lE-tetraz3le in CH3CN. A 2-10 fold molar excess of 1-(N.N-d..sopropylam.no-2- 
S^Lnoe hylphosphinyl)oxy^t-butyldimethylsilyto^^^^^ dissolved .n a small portion of 

ChTcn is added slowly Thi progress of the reacHon is followed by TLC. After compleUon of the reaction 
solutof t d 2 with ethyl acetate and extracted with NaHCOa. then brine. After d^-ng and 
S^cenSon. the product is treated with small portions of 0.1 M iodine in 1:1:8 (v/v-v, '""d-ne'H^OArHF 
Si thfSure remains brownish for at least one minute. Upon another round of extract,on. drying and 
rnclnlation. the material is treated with 10 ml of neet t4.uty^mine for 30 min at room 

1 :^ r*u.ru Avtrarted and dr sd as above. A 2-TOla molar excess ot i 

rfri<»H in vacuo. The so ution ts diluted in CnaOb, ewaciea anu uns^u o*-^ ^ * *• « 

M tetrTb^monium fluoride and 2 1^ HF in pyridine is added and the removal of ^^^^''V' 

Inill^red by TLC. After work-up as above. t(3-(4.hydroxyl-2-methylnapthylene-l-phosphoryl)phenyl)- 

methoxymethylene] adamantane is isolated by silica column and characterized by NMR. 

Preparation of 4-[3-(4.hydroxyl-2-methylnapthylene-l-phosphoryl)pheny l1-4-methoxyspiro [1 ■2-dioxetane-3 
.2 -adamantane] (compound 10): 

several milligrams of [(3-(4-hydraxyl-2.methylnapthytene-l-phosphoryl)phenyl)methoxyn-^thyl^^^^ 
amantane are dissolved in 5-10 ml of CH,C\, in an appropriate tube for photooxygen. About 20-60 mg o 
sTnstx 1 (Rose Bengal bound to polystyrene) is added. Oxygen is bubbled through the soiut.on or about 
5 «s hen the tube is placed in a dry,1cefisopropanol bath (-78 C). The sample .s .rrad.ated for10-90 
Lnutes with a ToOO W sodium lamp (such as the GL Lucalox) filtered for a UV cutoff. TLC .s used to 
ZrSne t er^oHheTaction. Spon completion, the Sensitox is removed by filtration and the ^oduct 
fs^on^ntrated in vacuo. 4-[3-(4-hydroxyl-2-methylnapthylene-l-phosphoryl)phenyn^^^^^^ 
dioxetane-3.2'-adrmiRti?re] is purified by recrystallization from a suitable solvent such as pentane or 



hexane. 
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o_ QynH^ci. nf 4.r3^4-Dhenvlatanvlsuccinyi) phenylH-methoxyspiro fl ^-dioxetane-S. 2 -adamantanel 
The process for making this dioxetane is shown in Figure 6. 

Pr eparation of N-succinylphenylalanine methyl ester (compound 12): 

About 100 mmoles each of succinic anhydride 4.[3-(4-hydroxyl.2.methylnapthylene.1.phosph^^^^^ 
oy^env^me^^^ [1 5<lioxetane-3.2'-adamantanel. phenylalanine methyl ester (compound and 
□SCe added together in about 100 ml of pyridine in a 250 ml round bottom flask sirred at room 
temXiure under an argon atmosphere. After about 2 h. TLC reveals conversion to compound i2^-nie 
prX^^^^^ by siHca column chromatography and concentrated to dryness. Anticipated yield 50- 

70%. 

Preparation of [(3>(4^phenylalanyi methyl ester succlnyl)phenyl) methoxymethylene] adamantane - 
(compound 13): 

About 10 mmol of 3-hydroxylphenylmethoxymethyleneadamantane and a 10-50% excess of N-sucdny^ 
phenylalanine methyl ester are dissolved and stirred in 10-50 ml of dioxane. After 10-20 mmol of DCC a>^e 
added, the solutionis stirred for 18 h at room temperature. TLC reveals the ^^"^^f^^^l^'^J^^^^^ 
solution is diluted to about 100 ml with ethyl acetate, filtered and xtracted w.th bnne The solu'^n .s dn^ 
over Na.SO». evaporated to a small volume in vacuo and loaded onto a f'"*^,""""^"" ,^;^^ .J 
purified by step-gradient elution with an appropriate solvent system (e.g.. methanol m CHsCb or pyndine m 
ethyl acetate). Appropriate fractions are collected and evaporated. Expected yield 10-30«. 
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preparation of r.-v/4.ohenvlalanvlsuccinyl)phenyl) methoxymethytene] adamantane (compound 14): 

dissolved in acetonitrile (about 50 ml). Atoou 2 nil of "TCA ^re adoea necessary 
pheny.a.anylsu«:iny.)pheny.) meth^^^^^^^^^ ^^^^^^ ^ ,3.(^ 

to add a few small aliquols of HjO to '""f^^f ^"'l^'^'fanp is anliclDaled The solution is then evap- 
phenylalanylsuccinyDphenyl) methoxymethylene] .^^f'"^"*^^^^ "^^^^^ .^om pyridine and twice from 
orated to dryness, if H.O was added the '^^"^^ ^^J^ ^^^I^^ loZi such as hexane or dioxane. 
toluene. The product is precipitated as the TEA salt from an appropnaie 

« 

Preparation of 4.r3^4-ohenvialanylsucc invnohenvll-4.methoxyspiro[1.2-dioxetane.3.2'-adamantane3 - 
(compound 15 ): 

adamantane] in Example 1 above. 

Nucleic Acid Hybridization Assay Using the Dioxetane of Example 1^ 

" .The sand^ch hybridization assay descn^bed in copend,ng ^^^^^J^^^^^ 

0317077 is used. Briefly the »'yt'"'*--«°" °' set of capture prabes 

target single stranded nucleic acid is incubated ^^''f^'"?, "^^"'^^^^^^^ portion of 

and a set of amplification probes. The capture ^obes^a^e ^^J^l^^J'^^ST^ ^6 phase. The 
the target and a portion that is 

amplification probes have a segment that .s "^^'^P^.^"^®"*^^^^^ that are complementary to the 

tary to an oligonucleotide unit of a nucleic acid '""J'^^L'SnSeo^^^^ labeled witii HRP. After the 
, mentioned segment of the amplification probes ^"^,1° ^" j^e complex is incubated 

hybridization of the target to the capture and ^mpjf'caton probes .s compiet^^^^ incubation, materials 
Jth the solid phase bound oligonucleotide under *^Vbnd.zaton cond.ton^^^^^^^^ ^ 

bound to the solid phase are separated from ""f ""^ /^^mf cor^Jitions^^^^^ by a wash cycle 

complex is then incubated with the multimer under '?ybn*^^ Ju the labeled 

s to separate bound from unbound "^J^"^. ^^^^^^^^ 

oligonucleotide probe and the resulting bound tt^atena^ 'pj!^„,fi to detect Chlamydia tra chomatis DNA as 
This format is used together with the 'l'*^^'^; °* HRP- 
follows. Sets of amplification probes capture probes. ^^'^^J^^^'^jf^^ ^ copending application, 
labeled oligonucleotide are prepared as descnbed in Exaniples 2 ana / or sa. h « 

by the addition of catalase. *.-^«^^;r,« PnhanHnn aaents such as fluorescein, 

« ' Addition of AP ia the same buffer causes the to yield a 

BSA. detergents (e.g.. CTAB) ,Tme fr^^ (^^^^^^^^ minls' The light'output is recorded 

chemiluminescent reaction in a short time frame <f_f;'®'^ X-ray film. The amount of light 

either on an integrating luminometer or °\'"fT'Z^.^^ac^^^s DU^^^ 

Example 2 of the copending application dioxetane (0.1 to 10 mM) in a buffer (Jcis. 

. The initial triggering is conducted by adding (^100 u^^^^^^^^^^^^ ^^^^ ^ ^.^ ^ 

^::^^^r:J:.rXs^:^^^^ ^ - outp. . recorded as above. 
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Claims 

1. A stable 1 .2-dioxetane of the formula: 

0-0 

I I 

- C - C - R 

I I 

10 X-Y-Z 



T5 



20 



2S 



30 



35 



Where R,. R^. and R3 are passive organic groups that allow the dioxetane to decompose and P^°duce hght 
when Z and Y are removed, with the proviso that R, and R, may be joined to form a cyclic mo.ety. Z ,s a 
first protecting group that can be removed by a first deprotecting process. Y is a second P^o^e':*'"; gro"P 
that can be removed by a second deprotecting process, and X is an organic group which "PO" of 
Z and Y renders the dioxetane susceptible to said decomposition, with the proviso that X may be joined to 

Ra to form a cyclic moiety. . ^ . 

2. The dioxetane of claim 1 wherein R, and R^ are joined and form a carbo cyclic group of 6 to 30 
carbon atoms. R3 contains 1-18 carbon atoms and Is alkyl. alkoxy. monocyclic aryloxy. dia^kyl or a^l 
amino, trialkyi or aryl siloxy. Z is an organic group that is cieavable from the dioxetane by a "^^^ ^"zyma^c 
reaction. Y is a moiety that is cieavable from the dioxetane by a second enzymatic reaction, and X is an 

T^-hJdLetane of daim 1 wherein R, and R, are joined to form an adamantane ring. R3 is methoxy. 
X is phenoxy substituted with 0 to 2 CI or I groups. Y is phosphate and Z is ^-n^ethyH^hydimy naphthyl 

4 The dioxetane of claim 1 wherein R, and Rj are joined to form an adamantane nng. contains 1-18 
carbon atoms and is alkyl. alkoxy. monocyclic aryloxy. dialkyi or aryl amino, trialkyi or aryl siloxy. X is 




and YZ is selected from the group consisting of 
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where 

R* is -(CH2)«-NH2. or 

-(CH2)3-NHC-NH2; 

NH® , 



Rs is CH3-. (CHahCH- . CH3CH2-(CH3)CHCH2-. or 



EP 0 401 001 A2 



* 5. A method for generating light wliich comprises: 

(a) providing a stable 1 ^-dioxetane of claim 1 . 2. 3 or 4. 

(b) removing the first protecting group 2. and 

(c) removing the second protecting group Y. »u v 

6 The method of claim 5 v/herein R, and R2 are joined to form an adamantane ring. Ra is methoxy. X 
is phenoxy substituted with 0-2 CI or I groups. Y is phosphate and Z is 2-methyl-4-hydroxy naphthyl. the 
first protecting group is removed with horseradish peroxidase, and the second protecting group is removed 

with alkaline phosphatase. . ^ . » „ 

7 A chemlluminescent method for detecting a component in a sample suspected of containing the 
component wherein the material is detected via a label carried by a ligand that complexes or binds to the 

component comprising 

(a) binding a labeled ligand to the component. 

(b) contacting the component-labeled ligand complex with a dioxetane of claim 1, 2. 3 or 4 wherein Z 
is removed through reaction with the label on the complex. 

(c) contacting the partly deprotected dioxetane with an activating agent that removes Y to produce an 
^° unstable oxide intermediate which decomposes to form light, and 

(d) detecting said light. . , , . ^. 
8. The method of claim 7 wherein the component is a single stranded nucleic aad molecule and the 

ligand is a nucleic acid molscule that hybridizes to the component. 

9 A chemiluminescent signal generating reagent kit for use in generating a chemlluminescent signal on 
an assay for a component of a sample wherein the component is detected via an enzymatic label earned by 
a ligand that specifically complexes or bonds to the component comprising in packaged combination: 
(a) a first container containing a dioxetane of the formula 



75 



30 



35 



0-0 

I I 
R- - C - C - R3 

I I 

R„ X-Y-Z 



where Ri, and Ra. and R3 are passive organic groups that allow the dioxetane to decompose and produce 
light when Z and Y are removed, with the proviso that Ri and R2 may be joined to form a cyclic moiety. Z 

40 is a first protecting group that can be removed by reaction with said enzymatic label. Y is a protecting 
group that can be removed by reaction with a deprotecting agent other than enzymatic label, and X is an 
orqanic group which upon removal of Z and Y renders the dioxetane susceptible to said decomposition, 
witti the proviso that X may be joined to R3 to form a cyclic moiety, whereby Z is removed through reaction 
with the label on the complex; and 

45 (b) a second container containing said deprotecting agent. 
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FIGURE 1 
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FIGURE 2 
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FIGURE 4 
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FIGURE 4 (conclnu«d) 

0 






EP 0 401 001 A2 




a 



EP 0 401 001 A2 



FIGURE 5 
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FIGURE 5 




3) c-butyLamine 



4} Fluoride 
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FIGUU 6 (conclttu«d) 
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0 A Stable 1 ,2-dioxetane of the formula: 
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where Ri , R2 . and R3 are passive organic groups 
that allow the dioxetane to decompose and produce 
light when 2 and Y are removed, with the proviso 
that and R2 may be joined to form a cyclic 
moiety. 2 is a first protecting group that can be 
removed by a first deprotecting process. Y is a 
second protecting group that can be removed by a 
second deprotecting process, and X is an organic 
group which upon removal of Z and Y renders the 
dioxetan susceptible to said decomposition, with 



the proviso that X may be joined to R3 to form a 
cyclic moiety. These dioxetanes are useful for gen- 
erating chemiluminescent output in immunoassays 
and nucleic acid hybridization assays. 



Rank Xerox (UK) Business Services 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDEREP TO BE RELEVANT 



Ckadoa of document with uulicad«a, where approprute. 
I C«teJory| of rtJewt pMsagcs 

WO-A^S 800 695 (QUEST SYSTEMS INC) 
the whole docmient * 

EP-A-0 254 051 (THE BOARD OF GOVERNORS OF WAYNE 
STATE UNIVERSITY) 

claims 1-26; page 19. line 45 - page 22. line 

11 • 

WO-A-8 906 650 (QUEST SYSTEMS INC) 
• page 3. lines 21-27 and table 1. entries 8-10. 
21. cla1«s 1. 2. 4-6. 20. 21. 23. 30. 31. 33. 35 



1.5.7,9 



1.5.7 



1.5.7.9 



ApplicatioD Nrabv 



EP 90 30 5894 



djiSSmCATlON OF THE 
APPLICATION Qttf. CL5 ) 

C070321/00 
C07F9/12 
C07H11/04 

C07H19/10 
C07H 19/06 

C07H15/26 
C07F9/655 
G01N33/532 

G01N33/S8 

C07F9/6574 

C12Q1/34 

C12Q1/54 



TECHNICAL FIfXDS 
SEARCHED Oat. CLS ) 



Tlie present sewch leport has been dmwD up for all daims 



Plac>«f« 

BERUN 



CATEGORY OF CITED DOCUMENTS 

X : paittcolaily rde«nt if tikeo aJoiia 

Y : ^rttcnluly wl««nt « co mbiM ^ with utotbtf 

' aocuiiciil of tb« sum€ att^ftry 
A I tBchnologieaJ baci|poaii< 
O : noo-«riltai disdosim 
p : iBtenMdistc ^eeoaacnt 



24 JUNE 1992 



C070 
C07H 
C07F 
GOIN 



VAN y^MSTERQAM L. 



Eioftttfpitat SoDiiflat. tell puhllsheA OD. or 

rft«rtb« filing daio 
D : ioaiBcat dted in ibo applkatioo 
U : tfoconoit died for other rosoos 



'm*i^!ber of 1h« smiao patent fuaily, coirBpooitog 

dWflHOfWt 



